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,QWURGXFWLRQ
5HJDUGLQJ KLJK\LHOGLQJ GDLU\ FRZ¶V PDQDJHPHQW WKH WUDQVLWLRQ SHULRG  ZHHNV EHIRUH DQG  ZHHNV DIWHU
SDUWXULWLRQ LV SDUWLFXODUO\ DW ULVN EHFDXVH DQLPDOV XQGHUJR SURQRXQFHG SK\VLRORJLFDO FKDQJHV WKDW FDQ FDXVH
VXSSUHVVLRQRILPPXQRORJLFDOPHFKDQLVPV,VODPHWDO
5HOD[DWLRQRIWKHYXOYDDQGFHUYLFDOGLODWDWLRQGXULQJDQGDIWHUWKHRQVHWRISDUWXULWLRQDOORZVWKHHQWU\RIEDFWHULD
LQWRWKHXWHUXVFDXVLQJLQIHFWLRQLQRIFRZVE\GD\VSRVWSDUWXP6KHOGRQHWDO,VODPHWDO
7KHPRVWFRPPRQEDFWHULDDUHUHSUHVHQWHGE\Escherichia coliArcanobacterium pyogenesPseudomonas 
aeruginosaPasteurella multocidaStaphylococcus aureusStreptococcus uberisClostridium VSSPrevotella VSS
DQGFusobacterium VSS6LQJKHWDO.DoDUDQG.D\D
7KHVH EDFWHULD FRPSURPLVH DQLPDO ZHOIDUH DV ZHOO DV FDXVLQJ VXEIHUWLOLW\ DQG LQIHUWLOLW\ EHFDXVH RI XWHULQH
LQIODPPDWLRQDQGRULQIHFWLRQ=REHOHWDOUHSUHVHQWHGE\PHWULWLVFOLQLFDODQGVXEFOLQLFDOHQGRPHWULWLV
(QGRPHWULWLVPD\SURORQJWKHGD\VRSHQXQWLOILUVWVHUYLFHGD\VRSHQXQWLOSUHJQDQF\WKHLQWHUFDOYLQJSHULRGWKH
FRQFHSWLRQUDWHDQGWKHULVNRIFRZVEHLQJFXOOHGGXHWRLQIHUWLOLW\ĈXULþLüHWDO
7KHPRVWFRPPRQZD\WRWUHDWHQGRPHWULWLVLVHLWKHULQWUDXWHULQHRUV\VWHPLFDQWLELRWLFDGPLQLVWUDWLRQ=REHOHW
DO=REHO HW DO2WKHU VFLHQWLILFZRUNV UHYHDOHG WKHXVHRIQRQDQWLELRWLF VXEVWDQFHV VXFKDVJDUOLF
H[WUDFW 6DUNDU HW DO  GH[WURVH %ULFN HW DO  QHHP Azadirachta indica .XPDU HW DO  QRQ
VWHURLGDODQWLLQIODPPDWRU\GUXJV3J)ĮDQWLVHSWLFVROXWLRQV7URLW]N\DQGRWKHUV
$ QRYHO DQWLEDFWHULDO DQWLIXQJDO DQG LPPXQRVWLPXODQW WKHUDS\ LQ DQLPDOV LV UHSUHVHQWHG E\ GLIIHUHQW
SKDUPDFHXWLFDO IRUPV RI R]RQH FUHDP JDV LQMHFWLRQV SDLOOHWWHV IRDP SHDUOV EROXVHV 'MXULFLF HW DO  D
=REHOHWDO=REHODQG7NDOþLü=REHOHWDOĈXULþLüHWDO2]RQH2LVDJDVHRXVDQG
XQVWDEOHPROHFXOH FRPSRVHG RI WKUHH R[\JHQ DWRPV FRORUOHVVZLWK D VSHFLILF VPHOO DQG D WHQGHQF\ IRU TXLFNO\
WUDQVIRUPLQJ LQWR WKHR[\JHQ 'MXULFLF HWDOEĈXULþLüHW DO(UVR]HWDO3RODW HW DO
6RPH RI WKHVH IRUPV FDQ EH XVHG LQ SRVWSDUWXP HQGRPHWULWLV EHFDXVH WKHPRVW LPSRUWDQW R]RQH GHULYDWLYHV DUH
OLSRK\GURSHUR[LGHVZKLFKDFWGLUHFWO\RQSDWKRJHQVDQGDFWLYDWHHU\WKURF\WHVDQGLPPXQHFHOOV=REHOHWDO
ĈXULþLüHWDO(QJLQOHUHWDO(UVR]HWDO&DOGHURQHWDO
7KHDLPRIWKLVVWXG\ZDVWRHYDOXDWHWKHHIIHFWVRILQWUDXWHULQHIRDPR]RQHDSSOLFDWLRQLQSDUWXULHQWHQGRPHWULWLV
RQ ILUVW VHUYLFH FRQFHSWLRQ UDWH )6&5 WKH DYHUDJH RI VWUDZV XQWLO SUHJQDQF\ $683 WKH DYHUDJH RI GD\V QRW
SUHJQDQWWRILUVWVHUYLFH$'2)6DQGWKHDYHUDJHRIGD\VQRWSUHJQDQWWRSUHJQDQF\$'23$QRWKHUREMHFWLYHRI
WKLVVWXG\ZDVWRREVHUYHWKHLQIOXHQFHRIR]RQHDJDLQVWXWHULQHEDFWHULD
0DWHULDOVDQG0HWKRGV
2.1. Animals 

7KHVWXG\ LQYROYHG+ROVWHLQDQG&URVV%UHHG+ROVWHLQFRZVGLYLGHG LQWR WZRJURXSV 2]RQH2n DQG
&RQWURO & n  EDVHG RQ WKH XWHULQH ILQGLQJV DQG GLDJQRVLV SXHUSHUDO HQGRPHWULWLV DQG FRQWURO IURP RQH
FRPPHUFLDOGDLU\IDUPLQWKHVRXWKSDUWRI5RPDQLD3ORLH܈WL&RXQW\ZLWKWHPSHUDWHFRQWLQHQWDOFOLPDWHRYHUWKH
SHULRGRIPRQWKV6HSW)HE
7KHFRZVZHUHKRXVHGLQIUHHVWDOOEDUQVDQGPDWWUHVVEHGGLQJ2IFUXFLDOLPSRUWDQFHZDVWKHO\LQJUHVWLQJDUHD
$OO WKHIHPDOHVVSHQWXSWRKSHUGD\O\LQJZLWKDERXWKDOIRI WKHUHVWLQJSHULRGUXPLQDWLQJ:LQFNOHU
&RZVZHUHPLONHG WKUHH WLPHVSHUGD\PRUQLQJQRRQDQGHYHQLQJPLONLQJVFKHGXOH$OOFRZVZHUH IHGZLWKD
XQLTXHQXWULWLRQDO UDWLR WZLFH SHU GD\7KH DQLPDOV IURP WKH WZR JURXSV KDG D SK\VLRORJLFDO SXHUSHULXPEXW WKH
H[FOXVLRQ FULWHULD LQFOXGHGELUWK DVVLVWDQFH UHFHLYLQJ V\VWHPLF DQWLELRWLF WKHUDS\ZLWKLQ GD\VSULRU WR FDOYLQJ
DEQRUPDOLQWHUQDOJHQLWDOLDLQFOXGLQJDGKHVLRQV%&6V\VWHPLFGLVHDVHVUHWHQWLRQRIIRHWDOPHPEUDQHVDQ\
NLQGRIG\VWRFLDLQFOXGLQJFDHVDUHDQVHFWLRQODPHQHVVSXHUSHUDOPDVWLWLV2QO\FRZVIROORZLQJWKHVHFRQGWRWKH
IRXUWKSDUWXVZHUHLQYROYHGLQWKHVWXG\7KHJURXSV¶DYHUDJHPLON\LHOGGXULQJWKHVWXG\ZDVNJSHUGD\IRU
&JURXSDQGNJSHUGD\IRU2JURXS

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2.2. Experimental protocol and clinical evaluations 

9HWHULQDU\IDUPYLVLWVWRRNSODFHRQDZHHNO\EDVLVZLWKVFKHGXOHGUHSURGXFWLYHH[DPLQDWLRQV&RZVGD\V
SRVWSDUWXPZHUHLQFOXGHGLQWKHVWXG\DQGH[DPLQHGZHHNO\XQWLOWKHILUVWVHUYLFHWRRNSODFH7KHILUVWSRVWSDUWXP
H[DPLQDWLRQ ZDV SHUIRUPHG EHWZHHQ  DQG  GD\V DIWHU FDOYLQJ DQG LQFOXGHG FOLQLFDO YDJLQDO DQG WUDQVUHFWDO
H[DPLQDWLRQ EDFWHULDO DQG IXQJDO FXOWXUH 7KH ILUVW JURXS FRPSULVHG FRZV VXIIHULQJ IURP SXHUSHUDO HQGRPHWULWLV
GLDJQRVHGRQGD\VDQGRUIROORZLQJSDUWXULWLRQ7KHVHFRQGJURXSLQFOXGHGDQLPDOVZLWKRXWFOLQLFDOVLJQVRI
XWHULQH LQIODPPDWLRQ ,QFDVHVZKHQHQGRPHWULWLVZDVGLDJQRVHGR]RQH IRDP5,*(5635$<1RYDJHQ ,WDO\
ZDVDSSOLHGLQWRWKHXWHUXVZHHNO\IRUIRXUWLPHVXQGHUHSLGXUDODQHVWKHVLD&DXGDOHSLGXUDODQHVWKHVLDZDVPDGHDW
WKH VDFURFRFF\JHDO VSDFH 6±&R XVLQJ DQ JDXJH FP QHHGOH ZLWK QR V\ULQJH DWWDFKHG $IWHU D ORFDO
LRGLQHDVHSVLD WKHQHHGOHZDVGLUHFWHGSHUSHQGLFXODU WR WKHVNLQVXUIDFH2QFHWKHVNLQZDVSHQHWUDWHGDGURSRI
ORFDODQHVWKHWLFVROXWLRQZDVSODFHG LQ WKHKXERI WKHQHHGOHKDQJLQJGURS WHFKQLTXH7KHQHHGOHZDVDGYDQFHG
VORZO\ XQWLO WKH DQHVWKHWLF VROXWLRQ ZDV GUDZQ LQWR WKH HSLGXUDO VSDFH E\ QHJDWLYH SUHVVXUH 7KH V\ULQJH ZDV
DWWDFKHGWR WKHQHHGOHDQGWKHDQHVWKHWLFVROXWLRQVORZO\LQMHFWHGZLWKQRUHVLVWDQFH7KHGRVHRI ORFDODQHVWKHWLF
XVHGZDVPOSHUNJOERIERG\ZHLJKW/LQDQG:DO]
2]RQHZDVDSSOLHGE\PHDQVRIDYLDOFRQWDLQLQJR]RQHIRDPXQGHUSUHVVXUHIRUVHFRQGV$OOFRZVXQGHUZHQW
YDJLQDO DQG WUDQVUHFWDO H[DPLQDWLRQZHHNO\ IRU IRXU WLPHV IROORZLQJ SDUWXULWLRQ$IWHU WKH GD\V RSHQ SHULRG DOO
DQLPDOVZHUHSXWRQKRUPRQDOWKHUDS\WRLQGXFHRHVWUXVDQGWKHQWKHUHZHUHLQVHPLQDWHGZLWKIUR]HQWKDZHGVH[
VRUWHG VHPHQ PO VWUDZ E\ H[SHULHQFHG LQVHPLQDWRUV 7KH SUHJQDQF\ GLDJQRVLVZDV WDNHQ  GD\V SRVW
DUWLILFLDOLQVHPLQDWLRQE\WUDQVUHFWDOXOWUDVRQRJUDSKLFFRQWURO

2.3. Clinical examination 

*\QDHFRORJLFDO DQG FOLQLFDO H[DPLQDWLRQVZHUH SHUIRUPHG E\ RQH YHWHULQDULDQ DQG LQFOXGHG YDJLQRVFRS\ DQG
WUDQVUHFWDOSDOSDWLRQ$OOFRZVDSSHDUHGKHDOWK\DWWKHWLPHRIH[DPLQDWLRQRIHLJKWDUHDVRIWKHFRZ¶VERG\DQGKDG
ERG\FRQGLWLRQ VFRUHV! VFDOH WRZLWKXQLW LQFUHPHQWV VFRUH LQGLFDWHG HPDFLDWHG FRQGLWLRQDQG
VFRUHDQREHVHFRQGLWLRQ
7KHK\JLHQHRISHULQHXP+36RIFRZVDIWHUFDOYLQJZDVVFRUHGXVLQJDVFDOH IUHHRIGLUWPDQXUHDQG
FRPSOHWHO\GU\ VOLJKWO\ZHWGLUWPDQXUHLQRIWKHVXUIDFH PRGHUDWHO\ZHWFRYHUHGZLWKGLUWPDQXUH
LQ!RIWKHVXUIDFH6FKXHQHPDQQHWDO7KHDQJOHRIWKHYXOYDZDVUHFRUGHGDVDEQRUPDOLIOHVVWKDQ
WRWKHKRUL]RQWDOD[LVMXGJHGXVLQJDSURWUDFWRU
(YDOXDWLRQRIFHUYL[DQGXWHUXVWUDQVUHFWXPLQYROYHVHVWLPDWLRQRIVL]H!FPV\PPHWU\DQGFRQVLVWHQF\
7KHYDJLQDOH[DPLQDWLRQLVDVWDQGDUGSDUWWRHYDOXDWHDVXLWDEOHFRZRUZKHQHYHUGLVFKDUJHLVQRWHGDWWKHYXOYDU
OLSV7KHYDJLQDOVSHFXOXPH[DPLQDWLRQPD\DLGLQGHWHUPLQDWLRQRIWKHRULJLQRIWKHH[XGDWHVZKLFKPD\EHIURP
WKH XWHUXV FHUYL[ RU YDJLQD7KH FKDUDFWHU FRORU DQGRGRU VFRUH  IRU QRRGRU DQG VFRUH  IRU D IHWLG RGRU RI
YDJLQDOGLVFKDUJHZHUHVFRUHG,IWKHYDJLQDOGLVFKDUJHVKRZVFOHDUWUDQVOXFHQWPXFXVFKDUDFWHUWKHVFRUHLVDQG
ZKHQLWVKRZVFOHDUPXFXVZLWKRXWSXVFRQWDLQLQJIOHFNVRIZKLWHSXVFKDUDFWHUWKHVFRUHLVDQGZKHQLWFRQWDLQV
 ZKLWH RU \HOORZ SXV FKDUDFWHU WKH VFRUH LV  DQG ZKHQ LW FRQWDLQ  ZKLWH \HOORZ RU EORRG\ SXV
FKDUDFWHUWKHVFRUHLV7KHFKDUDFWHUVFRUHUHIOHFWVWKHSUHVHQFHDQGVHPLTXDQWLWDWLYHORDGRIFHUWDLQEDFWHULDLQ
WKHXWHUXV

2.4. Bacterial and fungal culture 

$XWHULQHFXOWXUH LVDQHVVHQWLDO WRRO WRGHWHUPLQHWKHHWLRORJ\RIXWHULQHLQIHFWLRQ%ULHIO\ WKHYXOYDZDVFOHDQHG
WKRURXJKO\ZLWK D GU\ SDSHU WRZHO$ WUXH XWHULQH FXOWXUHZDV DVSLUDWHG IURPXWHULQH OXPHQ XVLQJ VWHULOH XWHULQH
FDWKHWHU WUDQVIHUUHG LQWR VWHULOH WXEHV DQG FDUHIXOO\ WUDQVSRUWHG DW & WR WKH )DFXOW\ RI 9HWHULQDU\ 0HGLFLQH
%XFKDUHVW IRU IXUWKHU EDFWHULRORJ\ DQG IXQJDO WHVWLQJ )LUVW EDFWHULDO DQG IXQJDO VDPSOHV ZHUH WDNHQ DW WKH ILUVW
XWHULQHH[DPLQDWLRQDQGWKHVHFRQGVDPSOHDWWKHPRPHQWRIDUWLILFLDOLQVHPLQDWLRQ

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2.5. Farm, clinical, and fertility data 

)DUPDQGIHUWLOLW\GDWDZHUHUHFRUGHGE\IDUPVWDIIDQGHQWHUHGLQWRDKHUGKHDOWKPRQLWRULQJFRPSXWHUSURJUDPPH
'DLU\3ODQ&*($)DUP7HFKQRORJLHV,QIRUPDWLRQUHJDUGHGWR WKHDQLPDOV LQFOXGHGSDULW\PLON\LHOGDQG
PRQWKRIFDOYLQJ,QIRUPDWLRQRQWKHSHULSDUWXULHQWSHULRGZDVUHFRUGHGLQFOXGLQJFDVHVRIK\SRFDOFDHPLDUHWDLQHG
IHWDOPHPEUDQHVFDOYLQJDVVLVWDQFHDQGRWKHUGLVHDVHFRQGLWLRQVODPHQHVVPDVWLWLVDQGPHWDEROLFGLVRUGHUV

2.6. Statistical analysis and modeling 

)LUVW VHUYLFH FRQFHSWLRQ UDWH )6&5 WKH DYHUDJH RI VWUDZV XQWLO SUHJQDQF\ $683 WKH DYHUDJH RI GD\V QRW
SUHJQDQWWRILUVWVHUYLFH$'2)6DQGWKHDYHUDJHRIGD\VQRWSUHJQDQWWRSUHJQDQF\$'23ZHUHFDOFXODWHGXVLQJ
0LFURVRIW([FHO
5HVXOWVDQG'LVFXVVLRQV
7KHUHVXOWVRIEDFWHULRORJLFDODQGIXQJDOH[DPLQDWLRQRIXWHULQHVDPSOHVIURPWKHWZRJURXSVDUHSUHVHQWHGLQ
7DEOH%DFWHULRORJLFDOH[DPLQDWLRQRIXWHULQHDVSLUDWHVDPSOHVIURPWKHDQLPDOVUHYHDOHGDVLQJOHW\SHRIEDFWHULD
LQ  FDVHV  DQGPL[HG EDFWHULDO LVRODWHV LQ  FDVHV  RI VDPSOHV 7KH JURXS2 IUHTXHQFLHV RI
EDFWHULD LVRODWHG ZHUH Escherichia coli  IROORZHG E\ Staphylococcus hyicus  Staphylococcus bovis
 Arcanobacterium pyogenes  Enterococcus hirae  Fusobacterium necrophorum 
Streptococcus zooepidemicusEnterococcus faeciumProteus vulgarisStreptococcus agalactiae
Staphylococcus chromogenes Pseudomonas aeruginosa DQGEnterococcus faecalis  ,Q WKH
JURXS & Escherichia coli ZDV WKH PRVW IUHTXHQW LVRODWHG EDFWHULD  WKHQ Streptococcus bovis  
Staphylococcus hyicusDQGProteus vulgaris1RIXQJDOVSHFLHVZHUHIRXQG
7DEOH%DFWHULDLVRODWHGIURPWKHWZRJURXSV
%DFWHULDLVRODWHV

(QGRPHWULWLV&RQWURO
GD\VLQPLON
(QGRPHWULWLV&RQWURO
$WWKHPRPHQWRIDUWLILFLDOLQVHPLQDWLRQ
Escherichia coli    
Staphylococcus hyicus    
Staphylococcus bovis    
Staphylococcus chromogenes    
Enterococcus hirae    
Enterococcus faecium    
Enterococcus faecalis    
Streptococcus zooepidemicus    
Streptococcus agalactiae    
Arcanobacterium pyogenes    
Pseudomonas aeruginosa    
Proteus vulgaris    
Fusobacterium necrophorum    

&ROLIRUPEDFWHULDSURGXFLQJHQGRWR[LQVDUHDOPRVWDOZD\VIRXQGLQORFKLDLQFRZVIROORZLQJG\VWRFLDDQGIHWDO
PHPEUDQH UHWHQWLRQ7KHVH HQGRWR[LQVPD\GLUHFWO\ DIIHFW ERYLQHQHXWURSKLOVZLWK WKHLU F\WRWR[LF HIIHFW DQG WKLV
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IDFLOLWDWHV LQIHFWLRQZLWK EDFWHULDO VSHFLHV VXFK DVA. pyogenesEscherichia coli VWUHSWRFRFFL DQG VWDSK\ORFRFFL
ZKLFKDUHYHU\IUHTXHQWGXULQJHDUO\SXHUSHULXPĈXULþLüHWDO
7DEOHGHVFULEHV WKH UHSURGXFWLYHSHUIRUPDQFHRIJURXS2DQG&RI FRZV7KHDYHUDJHRIGD\VRSHQ WR ILUVW
VHUYLFHDQGWKHDYHUDJHRIGD\VRSHQWRSUHJQDQF\ZHUHVLPLODULQERWKJURXSVJURXS2GD\VDQGJURXS&
GD\VIRU$'2)6DQGIRU$'23GD\VUHVSHFWLYHO\GD\V7KHVLJQLILFDQWGLIIHUHQFHEHWZHHQWKH
WZRJURXSVZDVREVHUYHGIRUWKH)6&5DQGIRUWKH$683ZKHUHKDOIRIWKHFRZVIURPJURXS2ZHUHSUHJQDQWDW
ILUVWVHUYLFH

7DEOH5HSURGXFWLYHSHUIRUPDQFHRIWKHWZRJURXSV
5HSURGXFWLYHSHUIRUPDQFHV *URXS2 *URXS&
7KHDYHUDJHRIGD\VRSHQWRILUVWVHUYLFH  
7KHDYHUDJHRIGD\VRSHQWRSUHJQDQF\  
)LUVWVHUYLFHFRQFHSWLRQUDWH  
$YHUDJHRIVWUDZVXQWLOSUHJQDQF\  

7KH REMHFWLYH RI WKLV WULDO ZDV WR YDOLGDWH WKH XVH RI LQWUDXWHULQH R]RQH IRDP LQ SXHUSHUDO HQGRPHWULWLV DQG
VKRUWHQLQJVRPHUHSURGXFWLYHSDUDPHWHUV+RZHYHU WKLV LV WKHILUVW WLPH WKDW IRDPR]RQHZDVXVHG LQGDLU\FRZV
HQGRPHWULWLVLQ5RPDQLD7KHPRVWUHFHQWXVHRIR]RQHDVDSUHYHQWLYHDQGWKHUDSHXWLFDJHQWIRUWKHLPSURYHPHQWRI
UHSURGXFWLYHHIILFLHQF\KDVEHHQSXEOLVKHGE\ĈXULþLüHWDOĈXULþLüHWDO(QJLQOHUHWDO3RODWHW
DODQGE\&DOGHURQHWDO
,Q D VWXG\ FXUUHQW NQRZOHGJH IURP  ĈXULþLü HW DO SUHVHQWHG WKH LPSRUWDQFH RI SUHYHQWLYH LQWUDXWHULQH
R]RQH DSSOLFDWLRQ 7KH FRZV WUHDWHG ZLWK HLWKHU R]RQH IRDPLQJ VSUD\ RU SHDUOV ± KRXUV DIWHU FDOYLQJ LQ
FRPSDULVRQ WR WKH QRQWUHDWHG FRQWURO FRZV EHFDPH SUHJQDQW HDUOLHU  GD\V RU  GD\V YV  GD\V
UHVSHFWLYHO\ DQG KDG EHWWHU ILUVW VHUYLFH FRQFHSWLRQ UDWH )6&5  RU  YV  UHVSHFWLYHO\ 2XU
UHVXOWVDUHVLPLODUZLWKWKHLUZRUN
&RQFOXVLRQV
(YHQLIWKHDYHUDJHRIGD\VRSHQWRILUVWVHUYLFH$'2)6DQGDYHUDJHRIGD\VRSHQWRSUHJQDQF\$'23IURP
JURXS2ZHUHVOLJKWO\KLJKHUUHJDUGLQJWKHVDPHUHSURGXFWLYHSDUDPHWHUVIURPJURXS&ZHFDQVD\WKDWWKHXVHRI
IRDPR]RQHDVLQWUDXWHULQHWUHDWPHQWRIWKHSXHUSHUDOHQGRPHWULWLVLPSURYHGWKHILUVWVHUYLFHFRQFHSWLRQUDWH)6&5
DQG WKH DYHUDJHRI VWUDZVXQWLO SUHJQDQF\ $683ZLWK:H FRXOG QRW REVHUYH D QRWLFHDEOH HIIHFW RI IRDP
R]RQHDJDLQVWXWHULQHEDFWHULD
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